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Is the percentage of stenosis of the internal carotid artery
a reliable measure of the risk of ischemic stroke?

A morphometric study by duplex ultrasound
of aortic arch branches in 500 normal adults

C. MACCHI*, R. MOLINO LOVA*, B. MINIATI*, M. GULISANO**

C. PRATESI*™™, A. A. CONTI*®, G. F. GENSINI*®

Background. The percentage of stenosis has been con-
sidered for the last 20 years, and still continues to be,
the main criterion of choice between a surgical and a
medical treatment of the atherosclerotic lesions of the
aortic arch branches, particularly as regards the internal
carotid artery. On the other side, it has been demon-
strated that the risk of adverse acute cerebrovascular
events, besides being related to the characteristics of
the plaque, such as softness, subintimal haemorrhage
or surface ulcer, is strictly related to the actual residual
lumen of the internal carotid artery. The pre-eminent
role of the percentage of stenosis in the choice of the
treatment, hence, presumes a narrow range of varia-
tion of the original calibre of the vessel, yet to be proven.
Metbods. Five-hundred normal adults underwent the
measurement of the internal calibre of the aortic arch
branches by duplex ultrasound in order to find out their
actual range of variation.

Results. The range of variation of the internal calibre
of the aortic arch branches, expressed as the ratio
between the maximum and the minimum value found
for each vessel, was very wide in all cases (from 180%
for the right common carotid artery to 340% for the
right vertebral artery). With reference to the internal
carotid arteries, the range of variation was 219% for the
right internal carotid artery and 241% for the left internal
carotid arteries.

Conclusions. Due to the wide range of variation of the
original calibre of the aortic arch branches, the per-
centage of stenosis alone cannot be considered an accu-
rate measure of the severity of the stenosis, and hence
a reliable criterion of choice of the treatment.

KeY woRrDs: Carotid stenosis, etiology - Carotid stenosis, diag-
nosis - Carotid stenosis, surgery - Atherosclerosis - Brain
ischemia.

he normal calibre of aortic arch branches is
reported in the literature as an extremely discor-
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dant datum. For instance, the normal calibre of the
innominate artery is reported as 11 mm,! 12 mm,2 13
mm,? 14 mm,* and 15 mm.>

Besides its purely academic interest, the knowl-
edge of the calibre of aortic arch branches in normal
adults and, mainly, of its actual range of variation,
has important clinical implications, particularly as far
as the internal carotid artery is concerned.

Stroke represents, in fact, an important cause of death
and a major cause of disability in the Western World,
with atherosclerotic stenosis of the internal carotid
artery accounting for most ischemic strokes.>” In the
last 20 years several randomized controlled trials, such
as the North American Symptomatic Carotid Endar-
terectomy Trial (NASCET),8 © the European Carotid
Surgery Trial (ECST) 10 and the Asymptomatic Carotid
Atherosclerosis Study (ACAS),!! have tried to eval-
uate the efficacy and safety of carotid endarterectomy
in preventing ischemic strokes. Published results sug-
gest that carotid endarterectomy does prevent ischemic
strokes in symptomatic patients with “severe” stenosis,
provided the surgical morbidity is acceptable.® 10 For
symptomatic patients with “mild” stenosis there is no
apparent benefit from the procedure,1© while for symp-
tomatic patients with “moderate” stenosis the balance
of surgical risk and benefit remains unclear.s. 1© Fur-
thermore, despite ACAS 1! results, according to which
carotid endarterectomy should be beneficial to asymp-
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tomatic patients with “severe” stenosis, the approach
to asymptomatic patients is still controversial.12 In all
these trials the patients were classed into three dif-
ferent categories (mild, moderate and severe) on the
basis of the determination of the percentage of sten-
osis, by comparing the diameter of the residual lumen
at the point of maximal stenosis with the diameter of
the internal carotid artery well beyond the bulb,s. 9.
1t or with the diameter of the presumed and unseen
carotid bulb,10 measured from angiograms taken in
multiple orthogonal projections.!? More recent papers,
based upon duplex ultrasound ' or en bloc carotid
endarterectomy specimens,’> have shown that the
residual lumen, expressed as a cross-sectional area
14 or as a diameter,15 is the most accurate measure of
the severity of the stenosis.

Therefore, if the range of variation of the original
calibre of the vessels is narrow, we can, reasonably,
assume that the residual lumen, which is, actually,
an absolute value and not a percentage, is related to
the percentage of stenosis measured from angiograms,
but if the range of variation of the original calibre of
the vessels is very wide, this assumption is no longer
correct, and the results of the above mentioned trials
should be reviewed.

The investigation of the actual range of variation
of the calibre of aortic arch branches in normal adults
was the aim of the present paper.

Materials and methods

Five-hundred consecutive Caucasian subjects, 250
males and 250 females, aged from 35 to 88 years
(mean 64.31£S.D. 13.2) free from vascular diseases
underwent the measurement of the internal calibre
of the aortic arch branches by duplex ultrasound.
Anthropometric characteristics of the study popula-
tion are reported in Table 1. No subject had been
suffering from hypertension, diabetes mellitus or
other systemic diseases in the last 10 years. No his-
tory of previous adverse cerebrovascular events was
present.

All subjects gave their written consent for processing
and using personal medical data in scientific papers,
in accordance to the Italian Law.

Duplex ultrasound investigations were performed
by two physicians in all cases in the morning, after
a light breakfast, by an Acuson 128XP System, using
a 7.5 MHz probe, with the subject in the supine posi-
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TABLE L.—Main anthropometric data.
Subjects Parameters ( \t&i\) \‘::l)“ ‘—}:ﬁl:‘ (‘:i
500 Mean 064.30 67.28 170.93 1.78
SD 13.22 9.96 7.38 0.16
min 35 45 150 1.41
max 88 94 191 2.20
250 males Mean 65.67 73.93 176.04 1.90
SD 12.88 8.24 6.07 0.13
min 35 58 150 1.58
max 88 94 191 2.20
250 females Mean 62.94 00.64 165.81 1.67
SD 13.44 6.51 4.42 0.10
min 39 45 155 1.41

max 82 76 176 1.91

BSA= body surface area.

tion. The internal calibre of aortic arch branches was
measured in the appropriate longitudinal section
(antero-posterior, lateral or oblique), as the largest
obtainable value, and checked against the value cal-
culated from the smallest obtainable circumference
in the transverse section, at the following levels: for
the innominate artery 10 mm proximally to its bifur-
cation, for the subclavian artery 5 mm distally to the
origin of the vertebral artery, for the common carotid
artery 10 mm proximally to the bulb, for the internal
carotid artery 15 mm distally to the bulb, as in the
NASCET 9 and in the ACAS,!! for external carotid
artery 15 mm distally to the bulb, and for the verte-
bral artery 10 mm proximally to its entrance into the
C6 foramen transversus.

Interobserver variations were controlled in a random
sample of 100 subjects. Intraobserver variations were
controlled in a further random sample of 100 sub-
jects.

Observed and expected S0, 25t and 75t percen-
tiles were used to check the distribution of variables.
Expected values were calculated as the mean, for 50t
percentile, and as the mean + 0.67 standard devia-
tion for 25t and 75t percentiles. Student “t”-test for
independent data was used for males versus females
comparisons and for right side versus left side com-
parisons. One-way y? test (goodness-of-fit) was used
to check the side asymmetry of examined vessels.
Pearson “r” coefficient was used to check the corre-
lation between variables, and “r2” coefficient was used
to evaluate the amount of variance of the dependent
variable related to regression.16
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TaBLE IL.—Cualibre of examined vessels.
Subjects PAfATAters 1A RSA ) LSA RCCA LCCA RICA LICA RECA LECA RVA LVA
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
500 Mean 10.64 6.43 5.99 0.85 6.95 4.85 4.82 3.82 3.78 3.08 3.26
SD 1.94 0.78 0.89 0.86 1.01 0.69 0.69 0.62 0.59 0.63 0.57
min 6.7 4.5 3.9 5 49 3.1 29 2.5 2.5 1:5 1.7
max 175 9.5 8.5 L 10.3 6.8 7 6 5.3 5.1 4.9
Ratio 261 211 218 180 210 219 241 240 212 340 288
250 males Mean 11.51 6.62 6.30 713 D) 4.91 4.82 4.05 3.97 3.19 3.26
SD 1.91 0.85 0.85 0.84 1.01 0.54 0.62 0.61 0.52 0.67 0.56
min 8.1 4.8 4.5 5.4 59 3.1 3.5 2.8 2.8 1.5 1.8
max 17:5 9.5 8.5 9 10.3 6.3 7 6 53 5.1 4.9
Ratio 216 198 189 167 175 203 200 214 212 340 272
250 females Mean 9.76 6.24 5.08 6.56 6.55 4,78 4.81 3.60 3.58 2.97 3.26
SD 1.53 0.65 0.83 0.79 0.83 0.81 0.76 0.54 0.59 0.57 0.59
min 6.7 4.5 359 5 4.9 35 2.9 2.5 25 L7 1.7
max 15.2 75 12 8.6 8.6 6.8 6.4 5:5 5.2 4.4 4.5
Ratio 197 167 185 172 176 206 221 212 208 259 265

[A=innominate artery; RSA=right subclavian artery; LSA=left subclavian artery; RCCA=right common carotid artery; LCCA=left common carotid artery;
RICA=right internal carotid artery; LICA=left internal carotid artery; RECA=right external carotid artery; LECA=left external carotid artery; RVA=right vertebral
artery; LVA=left vertebral artery. Ratio=(max/min)%.

TasLe IIl.—Side asymmetry.

Significance

Subjects Parameters Right > left % Left > right % Right = left % *

500 Subclavian artery 337 67.4 122 24.4 41 8.2 p < 0.001
Common carotid artery 211 42.2 2406 49.2 43 8.0 p =N.S.
Internal carotid artery 2560 51.2 213 42.6 31 6.2 p=NS.
External carotid artery 232 40.4 211 422 57 11.4 p =N.S.
Vertebral artery 195 39.0 278 55.6 27 5.4 p <0.001

250 males Subclavian artery 169 67.6 60 24.0 21 8.4 p < 0.001
Common carotid artery 88 35:2 138 552 24 9.6 p < 0.005
Internal carotid artery 129 51.6 103 41.2 18 7.2 p=NS.
External carotid artery 107 42.8 102 40.8 41 16.4 p =NS.
Vertebral artery 101 40.4 130 52.0 19 7.6 p=N.S.

250 females Subclavian artery 168 67.2 62 24.8 20 8.0 p <0.001
Common carotid artery 123 49.2 108 43.2 19 7.6 p =NS.
Internal carotid artery 127 50.8 110 44.0 13 5.2 p =N.S.
External carotid artery 125 50.0 109 43.6 16 6.4 p =NS.
Vertebral artery 94 37.6 148 59.2 8 3.2 p <0.001

*) The reported significance of the test is limited to side prevalence of the examined vessels (see text for further details)

Results

Interobserver variations were limited to 23% and

that we could assume a normal distribution of the
examined variables.
The calibre of examined vessels is reported in

in no case the measurement of the calibre varied by
more than 0.2 mm. Intraobserver variations were lim-
ited to 12% and in no case the measurement of the
calibre varied by more than 0.1 mm. No abnormal
origin or course of the examined vessels was reported.

No differences were found between observed and
expected values for 50th, 25t and 75t percentiles, so

Vol. 43 - No. 1

Table 1I.

Innominate artery, right subclavian artery, left sub-
clavian artery, right common carotid artery, left
common carotid artery, right external carotid artery,
left external carotid artery and right vertebral artery,
all were significantly larger (p<0.001) in males than
in females. No significant difference was present as
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regard as right internal carotid artery, left internal
carotid artery and left vertebral artery.

Right subclavian artery was significantly larger than
left subclavian artery in the group as a whole
(p<0.001), in the males subgroup (p<0.001) and in
the females subgroup (p<0.001), right vertebral artery
was significantly smaller than left vertebral artery in
the group as a whole (p<0.001) and in the females
subgroup (p<0.001) but not in the males subgroup,
while right common carotid artery was significantly
smaller than left common carotid artery (p<0.01) only
in the males subgroup. No significant side difference
was found as regard as the internal and external
carotid arteries in the group as a whole, in the males
subgroup and in the females subgroup.

Side asymmetry is shown in Table III. The reported
significance of the test is limited to side prevalence
of the examined vessels. Taking into account even
the subjects with the same bilateral calibre, the test
is highly significant (p<0.001) in all cases, due to the
small amount of subjects with symmetric arteries. The
degree of asymmetry of the vessels, expressed as the
percentage of subjects showing different bilateral cal-
ibre, ranged from 83.6% (100-16.4%) for the external
carotid artery in the males subgroup to 96.8% (100-
3.2%) for the vertebral artery in the females subgroup.

A weak correlation was found between the calibre
of each vessel and age, weight, height and body sur-
face area, but “r?” coetficient showed that only a small
amount of variance of the dependent variable was
actually related to regression.

Discussion and conclusions

Our results clearly show a very wide range of vari-
ation of the calibre and a very high degree of side
asymmetry of aortic arch branches in normal adults.
Implications following from these results, obviously,
go beyond the purely academic interest, particularly
as far as the internal carotid artery is concerned.

If the brain could change its flow according to the
functional status, like the muscles or the heart,
ischemia would be strictly related to the percentage
of stenosis. But this is not the case. With a normal
circle of Willis, even a complete occlusion of one
internal carotid artery may not cause cerebral
ischemia, while a partial occlusion of the vessel by
an atherothrombotic lesion may produce emboli that
lodge in distal cerebral arteries, causing an ipsilat-
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eral ischemic stroke.10.17-19 The risk of ischemic stroke,
therefore, is not related to the degree of stenosis
itself, but is related to the thromboembolic risk of
the atherosclerotic lesion. The characteristics of the
atheromatous plaque, as softness of the plaque bulk,
subintimal haemorrhage and surface ulcer or rough-
ness, are factors known to be decisive in the pro-
duction of emboli.3 20. 21 Stenosis, on its own, causes
an increase of velocity of the blood stream and, if
the plaque surface is rough, even a turbulent flow 2221
which acts against the atheromatous plaque, wors-
ening the production of emboli. When the stenosis
is very tight, the slowing down effect of viscosity
becomes substantial,23 producing the characteristic
Doppler 23 and angiographic 25 picture of “near occlu-
sion”.

Though carotid endarterectomy, introduced by
Eastcott 2 in 1954 and further technically improved
by the intraoperative measurement of carotid back
pressure 27 and by the use of shunts,?® seems to be
the logical approach to the problem, the results of
the trials are not as brilliant as one would expect. In
synthesis, published results from the NASCET # and
from the ECST 10 suggest that carotid endarterectomy
is beneficial to symptomatic patients with 70-99%
(=severe) stenosis, and published results from the
ECST 10 suggest that there is no difference between
surgical and medical treatment in symptomatic
patients with 0-29% (=mild) stenosis. A wide margin
of uncertainty remains about the treatment of symp-
tomatic patients with a 30-69% (=moderate) stenosis.
Furthermore despite ACAS U1 results, according to
which carotid endarterectomy should be beneficial
to asymptomatic patients with >60% stenosis, the
approach to asymptomatic patients is still controver-
sial.12

It had already been demonstrated 1”7 that TIAs,
which are the first symptoms of plaque embolism, if
plotted against the angiographic residual lumen, show
a peak corresponding to a residual lumen <2 mm.
More recent papers, based upon ultrasound tomog-
raphy % or en bloc carotid endarterectomy speci-
mens,!'s have shown that the residual lumen,
expressed as a cross-sectional area 1 or as a diam-
eter,!s is the most accurate measure of the severity
of the stenosis, and that the risk of stroke becomes
high when the residual lumen has a cross-sectional
area <3 mm % or a diameter <2 mm.!s

Our data clearly show that, due to the wide range
of variation of the original calibre of aortic arch
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Residual lumen (mm®)

0 20 40 60 80 100
Percentage of stenosis

Fig. 1.—Residual area of internal carotid arteries plotted against the

percentage of stenosis, calculated for the maximum (squares) and

the minimum (triangles) calibre found for the vessel.

branches, the residual lumen is not directly related
to the percentage of stenosis.

Figure 1 shows the residual area of internal carotid
arteries plotted against the percentage of stenosis,
calculated for the maximum and the minimum cal-
ibre found for the vessel. It is apparent that for the
same percentage of stenosis the residual lumen is
remarkably different. And it is apparent, as well, that
even a 30-69% (= moderate) stenosis can reduce the
residual lumen to critical values in small internal
carotid arteries.

Actually, NASCET 8 and ACAS !! trialists considered
the problem of the “small distal arteries”. For cases
of “near occlusion”, identified at angiography by
means of delayed filling time, reduced distal lumen
and intracranial collateral vessels, they, arbitrarily,
assigned 95% as the degree of stenosis.!> However,
it is not clear how they classed the stenosis of a “small”
internal carotid artery without the angiographic pat-
tern of reduced perfusion. More recently, in the pres-
ence of a “small” internal carotid artery, it has been
proposed to recalculate the percentage of stenosis
considering as denominator the calibre of the con-
tralateral healthy vessel, 22 but our results clearly show
that this choice is not correct, due to the high degree
of side asymmetry of aortic arch branches.

Eventually, as regards the side asymmetry of internal
carotid arteries, it has been recently demonstrated 30
that there is an association of unilaterally absent or
hypoplastic Al segment of anterior cerebral artery
with ipsilateral decrease in internal carotid artery cal-
ibre, and this can be seen on MR angiograms.

Vol. 43 - No. 1
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Conclusions

In conclusion, due to the wide range of variation
of the calibre of all aortic arch branches, the per-
centage of stenosis alone cannot be considered an
accurate measure of the severity of the stenosis, and
hence a reliable criterion of choice of the treatment.
Furthermore, the presence of small internal carotid
arteries should be considered per se a risk factor, both
if bilateral, due to the fact that even a low percentage
stenosis can reduce the residual lumen till critical
ralues, 1+ and if unilateral, due to the fact that this con-
dition is often associated to an unbalanced circle of
Willis.30
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